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Halimeda is an impor t an t  space -occup i e r  o v e r  t he  
b a t h y m e t r i c  range  o f  1-75111 and a  s i g n i f i c a n t  
c o n t r i b u t o r  t o  s ed imen t  t o  3OOm a long  t h e  n o r t h  
c e n t r a l  c o a s t  o f  Jamaica .  The a l g a ' s  d i s t r i b u t i o n  
is noncon t i nuous ,  however;  i t  o c c u r s  a b u n d a n t l y  i n  
s h a l l o w  l agoona i  s e t t i n g s ,  is r e l a t i v e l y  uncommon 
on t h e  s h a l l o w  (1-45m) f o r e  r e e f ,  and i s ,  a g a i n ,  
impor t an t  between 55-75m, where i t  may occupy up 
t o  19% of t h e  subs t r a tum.  Grazing is thought  t o  
l i m i t  t h e  a l g a ' s  abundance on t he  sha l l ow  f o r e  
r e e f ,  wh i l e  t he  a l g a ' s  lower  depth  l i m i t  a ppea r s  
t o  be  media ted  by l i g h t  i n t e n s i t y ,  w i th  t h e  r ap id  
d e c r e a s e  in  t he  a l g a  below 75m l i nked  t o  
i r r a d i a n c e  v a l u e s  app roach ing  0.05% o f  s u r f a c e  
i l l u m i n a t i o n .  The abundance of  t h e  a l g a  i n  
s ed imen t  p a r a l l e l s  i t s  l i v i n g  d i s t r i b u t i o n  w i th  
t h e  e x c e p t i o n  o f  t h e  a d d i t i o n  o f  c a l c a r e o u s  
s k e l e t a l  e l emen t s  t o  t h e  upper i s l a n d  s l o p e  (120-  
3OOm) by Halimeda o c c u r r i n g  upon t he  v e r t i c a l  
e s c a r p m e n t  deep f o r e  r e e f  (50-1 20m). Below 
3OOm ( samp le s  c o l l e c t e d  t o  750m) t h e  sediment  is 
l a r g e l y  p e l a g i c ,  w i th  few o r  m Halimeda 
a l l ochems .  

e s t a b l i s h e d ,  ou r  knowledge of a l g a l  d i s t r i b u t i o n s  
i n  deep  water  s e t t i n g s  (>born) is much more 
l i m i t e d .  Recen t l y ,  submer s ib l e s  have  enabled  
r e s e a r c h  i n  t h i s  poorly-known a r e a  (Lang 1974, 
James & Ginsburg  1979, Agegian & Abbott  1985, 
L i t t l e r  e t  a l .  1985, H i l l i s -Co l invaux  1986,  
L i d d e l l  & Ohlhors t  1988 ) .  The p r e s e n t  paper  
p r e s e n t s  some of t h e  f i r s t  q u a n t i t a t i v e  d a t a  on 
t h e  abundance and bathymetry  o f  l i v i n g  Halimeda 
ove r  t he  r ange  of 1-120m i n  f r i n g i n g  r e e f  and 
p l a t f o r m  margin  envi ronments .  I n  a d d i t i o n ,  t he  
c o n t r i b u t i o n  o f  t h e  a l g a  t o  r e e f  and i s l a n d  s l o p e  
s ed imen t s  is  documented over  t h e  r ange  of 1-750m. 

T h i s  s t u d y  was conducted a t  Discovery  Bay on the  
n o r t h  c e n t r a l  c o a s t  of  Jamaica  a t  kt.  1803O'N and 
Long. 77020'W. The we l l  developed f r i n g i n g  r e e f s  
o c c u r r i n g  a long  t he  n o r t h  c e n t r a l  c o a s t  of Jamaica 
d i s p l a y  a  s t r i k i n g ,  d e p t h - r e l a t e d  mac rob io t i c  
z o n a t i o n  which h a s  been d e s c r i b e d  i n  s e v e r a l  
p a p e r s  ( ~ o r e a u  & Coreau 1973, Lang 1974, L i d d e l l  & 
Ohlho r s t  1987, 1988, and o t h e r s ) .  The f r i n g i n g  
r e e f s  s t u d i e d  occu r  on t he  West Fore  Reef and a r e  
known a s  LTS ( A - A ' ) ,  Watertower and Zingorro  (B- 
B ' ) ,  and Mooring One (C-C',  F ig s .  1-2).  

Al though t h e  s i g n i f i c a n c e  o f  t h e  a l g a  Halimeda ( f .  The fo l l owing  s u c c e s s i o n  of  s t r ~ c t u r a l / ~ e o m o r ~ h i c  
Cod i aceae )  a s  a  member o f  t h e  benthos  -1 zones  is encountered  a long  an onsho re  t o  o f f s h o r e  
Col invaux 1977,  1980, Drew & Abel 1985, Phipps  e t  t r a v e r s e  a c r o s s  t h e  West Fore  Reef:  back r e e f ,  
a l .  1985)  and a  s ed imen t  producer  (Emery e t  a l .  r e e f  c r e s t ,  f o r e  r e e f  t e r r a c e ,  f o r e  r e e f  
1954,  Goreau & Goreau 1973, Milliman 1974, Neuman e sca rpmen t ,  f o r e  r e e f  s l o p e ,  deep  f o r e  r e e f ,  and 
& Land 1975, S c o f f i n  & Tudhope 1985) i n  s h a l l o w  i s l a n d  s l o p e .  The back r e e f  ( o r  lagoon)  is a  
(<born) t r o p i c a l  mar ine  s e t t i n g s  is wel l  s h a l l o w  a r e a  of reduced c o r a l  growth due t o  both  
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Figure 1 .  Index map o f  Discovery  Bay, Jamaica a r e a  Figure 2. P r o f i l e  a long B - B ' ( F ~ ~ .  1 )  showing 
(mod i f i ed  from L i d d e l l  st a l .  1984) .  A-A' LTS, B- l o c a t i o n  of sampl ing  s t a t i o n s  (modif ied  from 
B' Zingorro-Water tower ,  C - C '  Mooring One. L i d d e l l  e t  a l .  1984) .  
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Figure 3 .  Halimeda and o t h e r  a lgae  a t  lm depth  i n  
back r e e f  a t  Discovery Bay. Sca l e  b a r  is 10cm. 

h igh  sediment product ion by macroalgae and h igh  
sediment resuspension.  P l an t  l i f e ,  i n c l u d i n g  the  
marine angiosperm T h a l l a s i a  and numerous a lgae  
such a s  Kalimeda, P e n i c i l l u q ,  and o t h e r s  ( F i e .  3 ) .  
i s  abundant.  The reef  c r e s t  extends  from the  
s u r f a c e  seaward t o  approximately  7m dep th ;  c o r a l  
rubb le  i s  h e a v i l y  encrusted wi th  c r u s t o s e  
c o r a l l i n e  a lgae .  

The f o r e  r e e f  t e r r a c e  extends  from 7  t o  15m and 
c o n s l s t s  of  l a r g e  p a r a l l e l  Lobes of c o r a l  o r i e n t e d  
pe rpend icu la r  t o  the r e e f  c r e s t  and extending 
seaward a t  a  moderate (15-20°) s l o p e  f o r  
approximately  2OOm where they t e rmina te  i n  a  s t e e p  
( 4 5 t 0 )  escarpment extending from 15 t o  25m. 
Macroalgae e r e  r a r e  over  the  range o f  1-2% on the  
f o r e  r ee f  due to  In t ense  g r a z i n g  a c t i v i t y ,  
p r i n c i p a l l y  by tho urchin  Diadema (Sammarco e t  a l .  
1974, Carpenter  1981 ) . 
The landward p o r t i o n  of t he  f o r e  r e e f  s l o p e ,  whlch 
begins  a t  25-30m dep th ,  u s u a l l y  c o n s i s t s  of  a  low 
ang le  (5-20°) sand 'moat '  con ta in ing  s c a t t e r e d  
c o r a l  heads. Coral cover i n c r e a s e s  by 30 t o  35m, 
o f t e n  forming p a r a l l e l  lobes  and occas iona l  
p innac le s  which may r i s e  up to  10m above the  
sand. Whereas the  dominant a l g a e  on the  f o r e  r e e f  
t e r r a c e  a r e  c r u s t o s e  c o r a l l i n e s ,  t he  f o r e  r e e f  
s lope  i s  c h a r a c t e n z e d  by abundant noncrustose  
macroalgae, c h i e f l y  t he  brown a l g a  Lobofora and 
the  ca l ca reous  green a l g a  Halimeda. A t  
approximately  35m the  s lope  i n c r e a s e s  t o  between 
45-60°. 

A s l o p e  break occu r r ing  between 45 and 65m, 
t y p i c a l l y  a t  55m, marks the  beginning of t he  s t e e p  
(60-900) deep f o r e  reef  ' w a l l ' .  Although c o r a l s  
and macroalgae,  i nc lud ing  Hallmeda (F ig .  4 )  a r e  
abundant on the upper p o r t i o n s  of  t he  w a l l ,  t hey  
a r e  replaced by sc l e rosponges ,  demosponges, and 
c r u s t o s e  c o r a l l i n e  algae below 75m Filamentous 
and e n d o l i t h i c  a l g a e  and e n c r u s t i n g  demosponges 
dominate below 901.1. The deep f o r e  r e e f  ends a t  
approximately  120-l50m -$here the  more g e n t l e  
(20-45O) a ~ d  sediment covered i s l a n d  s lope  beg ins .  

Figure 4. Abundant Halimeda a t  70m on the  wa l l  of 
t he  deep f o r e  r e e f .  S c a l e  b a r  is 10 cm. 

METHODS 

Shallow-water census  d a t a  were c o l l e c t e d  over  the  
range of 1-55111 i n  1982. Divers u s ing  SCUBA 
employed a  l i n e a r  po in t  i n t e r c e p t  method i n  which 
a 10m l i n e  with p o i n t s  l oca t ed  every 20cm was 
draped over  t he  r e e f  and the  i d e n t i t y  of  t he  
organisms o r  subst ra tum type o c c u r r i n g  beneath  
each po in t  recorded ( L i d d e l l  & Ohlhors t  1987) .  Up 
t o  10 p a r a l l e l  l i n e s ,  spaced a t  I m  i n t e r v a l s  and 
o r i en ted  pe rpend icu la r  to  t he  dep th  g r a d i e n t ,  were 
censused a t  each s i t e  ( F i g .  2 ) .  

A Pe r ry  submers ib l e  (PC-8) ,  owned and operated by 
Research Submersibles  Ltd . ,  Grand Cayman, was 
u t i l i z e d  in  d a t a  c o l l e c t i o n  over  the  range of 
60-120m on the  escarpment of  t he  deep f o r e  r e e f  i n  
1984. The submers ib l e ' s  e x t e r n a l  camera and 
s t r o b e l l g h t  were used t o  conduct photo t r a n s e c t s  
i n  which c o l o r  t r a n s p a r e n c i e s  of 0.14m2 a r e a s  were 
taken a t  lm spac ings  a t  each dep th   idde dell & 
Ohlhors t  1988). 

SCUBA d i v e r s  c o l l e c t e d  shal low co res  of  sediment 
over  the  range of 1-75m in  1982 (Boss & L i d d e l l  
l 9 @ 7 ) .  Research Submersibles  L t d ' s .  Perry  PC-8 
submers ible  was used t o  c o l l e c t  shal low sediment  
c o r e s  from 130-240m in  1984 (L idde l l  e t  a l .  1987) 
and Research Submersible ' s  P i sces  was used t o  
c o l l e c t  sediment c o r e s  from 250-850m i n  1987. 
Sediment samples were no t  c o l l e c t e d  between 75- 
120111 on the deep f o r e  r e e f  due to t he  d i f f i c u l t y  
o f  maneuvering the  submers ible  on the  v e r t i c a l  
escarpment.  

Photo census  da t a  were processed by p r o j e c t i n g  
t r a n s p a r e n c i e s  a t  n a t u r a l  s i z e  onto  a  screen with 
a  f ixed a r r a y  o f  p o i n t s  ( 2 7  p o i n t s  each with an 
approximate lOcm spac ing )  and the  i d e n t i t y  of  t he  
organism o r  subs t  ra  tum category occu r r ing  a t  each 
po in t  recorded ( p l a n a r  point  i n t e r c e p t  method; 
L idde l l  & Ohlhors t  1998). Bathymetric t r e n d s  i n  
t he  d i s t r i b u t i o n  of a l g a l  groups were t e s t e d  with 
the  Spearman Rank C o r r e l a t i o n  C o e f f i c i e n t  (sRC). 

Jamaican f o r e  reef  s i t e s  a r e  cha rac t e r i zed  by lo* 
u a t e r  turbidity ( l l g h t  a t t e n u a t i o n  coefficient 
0.061m f o r  the upper 30m of t he  water  column, 



Brakel  1979) .  Although t h e  a t t e n u a t i o n  ( a  
combination of  a b s o r p t i o n  and s c a t t e r i n g )  of  
s u n l i g h t  by s eawa te r  is  n o n l i n e a r  i n  t he  upper 5m 
of  t h e  water  column, t h e  a t t e n u a t i o n  c o e f f i c i e n t  
approaches  a  cons t an t  a t  g r e a t e r  dep ths  ( ~ e r l o v  
1977) .  The re fo re ,  Brakel '  s (1979)  a t t e n u a t i o n  
c o e f f i c i e n t  was used t o  e x t r a p o l a t e  i r r a d i a n c e  
v a l u e s  t o  a  depth  of  120m i n  t he  wa te r  column. 
C o r r e c t i o n  f o r  s l ope  a n g l e  and o r i e n t a t i o n  (Brake1 
1979)  y i e lded  a  1.0% va lue  a t  app rox ima te ly  55m on 
t h e  lower f o r e  r ee f  s l o p e  and a  0.05% va lue  a t  90m 
on t h e  s t e e p l y - i n c l i n e d ,  n o r t h - f a c i n g  wa l l  of  t h e  
deep f o r e  r e e f .  I r r a d i a n c e  v a l u e s  gene ra t ed  by 
t h i s  procedure  a r e ,  of c o u r s e ,  no s u b s t i t u t e  f o r  
i n  s i t u  quantum i r r a d i a n c e  measurements and must -- 
be regarded wi th  cau t ion .  

Sediment samples from 0-234m were epoxy-embedded 
and t h i n - s e c t i o n e d .  Abundances o f  g r a i n  t ypes  were 
determined by coun t ing  300-600 p o i n t s  pe r  s e c t i o n ,  
depending upon allochem d i v e r s i t y .  T h i r t e e n  
samples from 300-750m were scanned under a  
b i n o c u l a r  microscope and v i s u a l  e s t i m a t e s  o f  
Halimeda abundance made. 

RESULTS 

The Jamaican r e e f s  s u f f e r e d  a  major  d i s t u r b a n c e  
e v e n t ,  the  mass m o r t a l i t y  of  t h e  u rch in  g r a z e r ,  
Diadema a n t i l l a r u m ,  i n  August, 1983. The r e d u c t i o n  
i n  u r ch in  d e n s i t i e s  from 14/m2 a t  some s i t e s  t o  
n e a r l y  0.0/m2 r e s u l t e d  i n  a  r a p i d  and d rama t i c  
i n c r e a s e  i n  f i l amen tous  and e r e c t  macroalgal  
b iomass ,  which occurred a t  the  expense  o f  o t h e r  
ben thos ,  such a s  c o r a l s ,  bo r ing  sponges ,  and 
c r u s t o s e  c o r a l l i n e  a l g a e  ( L i d d e l l  & Ohlhor s t  
1986).  I n  a s  much a s  t h e  u r c h i n  d id  n o t  occur  i n  
g r e a t  numbers a t  dep ths  i n  exces s  o f  20m, t he  
e f f e c t s  of  t h e  u rch in  mass m o r t a l i t y  were 
r e s t r i c t e d  t o  t he  sha l l ower  r e e f s .  A s  of  J u l y ,  
1987, t h e  sha l l ow  r e e f s  have s t i l l  no t  recovered 
from t h i s  p e r t u r b a t i o n  ( p e r s o n a l  o b s e r v a t i o n ) .  The 
d a t a  we a r e  p r e s e n t i n g  h e r e i n  f o r  sha l l ow  (<3Om) 
r e e f  s i t e s  were c o l l e c t e d  p r i o r  t o  t h i s  
d i s t u r b a n c e  even t .  For c o n s i s t e n c y ,  t h e  p r e s e n t  
t e n s e  w i l l  be used i n  d e s c r i b i n g  both  sha l l ow ,  now 
g r e a t l y  a l t e r e d ,  and deeper  r e e f  s i t e s .  

Halimeda as a Space-Occupier 

At t h i s  s t a g e  of  t h e  p r e s e n t  s t u d y ,  t h e  v a r i o u s  
Halimeda s p e c i e s  have no t  been d i s t i n g u i s h e d  from 
the  census  d a t a .  H, i n c r a s s a t a  i s  abundant  i n  back 
r e e f  s e t t i n g s ,  wh i l e  H. go reau i  and H. opun t i a  -- 
occu r  a t  r e l a t i v e l y  sha l l ow  f o r e  r e e f  s i t e s .  5 
cop iosa  appea r s  t o  dominate on t he  deep f o r e  r e e f ,  
where l e s s e r  amounts of  H. d i s c o i d e a  a l s o  occu r .  

I n  t he  r e a r  zone of t he  back r e e f ,  immedia te ly  
behind t h e  r e e f  c r e s t ,  l i v i n g  Halimeda occup ie s  up 
t o  6.5% of  t he  mixed sand and c o r a l  r ubb le  
s u b s t r a t a  (Tab le  1 ,  F ig .  5 ) .  Halimeda may a l s o  be 
abundant  i n  sandy a r e a s  of t h e  back r e e f ,  which 
were n o t  censused.  The a l g a  i s  n o t  abundant i n  
s h a l l o w  water  on t he  f o r e  r e e f  (0.5-45m), 
presumably  due t o  i n t e n s e  he rb ivo ry  ove r  t h i s  
r ange .  Halimeda r eaches  i t s  g r e a t e s t  abundance 
ove r  t he  range of  approximate ly  55-75111, where i t  
o c c u p i e s  up t o  18.6% of t h e  hard subs t r a tum.  
Halimeda r a p i d l y  d e c l i n e s  i n  abundance below t h i s  
d e p t h , c c u p y i n g  on ly  0.0-0.3% of t h e  subs t r a tum 

Tab le  1.  Abundance of  Halimeda and t o t a l  
macroalgae  a t  Discovery Bay, Jamaica (means w i th  2 
95% conf idence  i n t e r v a l s  i n  p a r e n t h e s e s ) .  

Depth m1 Zingorro  Mooring One 

Halimeda To ta l  Halimeda To ta l  

1 Fore  r e e f  0.5 m s i t e  censused by Huston (1985)  
i n  1976, Zingorro  back r e e f  1 .Om and f o r e  r e e f  
5 .0-55.0~1 s i t e s  censused by Boss & Lidde l l  (1987)  
i n  1982, Mooring One 55m and a l l  deep f o r e  r e e f  
61 .O-121 .Om s i t e s  censused by L idde l l  & Ohlhors t  
(1988)  i n  1984. Number of  t r a n s e c t  p o i n t s  f o r  0.5m 
s i t e  is 4782; f o r  3Om, 45m, and 55m, app rox ima te ly  
250; f o r  a l l  o t h e r  s i t e s ,  approximate ly  500. 

DEPTH (M) 

F i g u r e  5. Bathymetr ic  d i s t r i b u t i o n  and abundance 
of l i v i n g  Halimeda a long t r a v e r s e  B-B'(Fig. 1 ) .  
Halimeda increases s i g n i f i c a n t l y  (SRC, p  (0.01) 
w i th  i n c r e a s i n g  dep th  on the  f o r e  r e e f  t o  a  dep th  
of  75m. 

a t  90m. Halimeda abundance i s  s i g n i f i c a n t l y  
c o r r e l a t e d  w i th  dep th  over  t he  range of 0.5-75111 on 
t he  f o r e  r e e f  (SRC, p<O.O1). 



Halimeda a s  a  Sediment-Producer -- 
Halimeda is most important  a s  a  s ed imen ta ry  
allochem a t  back r e e f  s i t e s  and f o r e  r e e f  s i t e s  
between 23-234111 (Table  2, Fig .  7 ) .  Halimeda 
abundance i n  sediment is s i g n i f i c a n t l y  c o r r e l a t e d  
wi th  i n c r e a s i n g  dep th  a t  f o r e  r e e f  s i t e s  t o  70m 
( t h e  l o c a t i o n  o f  the  deepes t  sediment samples  
c o l l e c t e d  on the deep f o r e  r e e f ;  SRC p<0.01 ) .  
There is a l s o  a  s i g n i f i c a n t  c o r r e l a t i o n  between 
Halimeda abundance in  back r e e f  and f o r e  r e e f  
sediment and l i v e  abundance a t  back r e e f  and f o r e  
r e e f  s i t e s  t o  70m (sRc, p(0.05; F ig .8 ) .  
Considerable  q u a n t i t i e s  of Halimeda s k e l e t a l  
e lements  a r e  con t r ibu ted  to  the upper i s l a n d  s lope  
by a l g a e  l i v i n g  on the  s t e e p  escarpment of t he  2 
deep f o r e  r e e f .  Hallmeda p l a t e s  may comprise  up t o  
22.5% of t he  sand-sized and l a r g e r  f r a c t i o n  of 
island s lope  sediment a t  137m. e r a d u a l l y  d e c l i n e  
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%TOTAL MACROALGAE d i s a p p e a r  from the  sediment below approx ima te ly  
300111. One sediment sample from 300m con ta ined  

Figure 6.  P l o t  of Halimeda abundance ve r sus  abundant Halimeda, two o t h e r s  from t h i s  depth  
abundance of  t o t a l  macroalgae. The two a r e  lacked Halimeda a l lochems,  a s  d i d  a l l  deepe r  
s i g n i f i c a n t l y  (SRC, p  <0.01) c o r r e l a t e d .  s a m p l e s ( t o ~ m ) .  

When compared with t o t a l  macroalgae (Table  1 ,  Fig .  DISCUSSIOB 
6 ) .  Halimeda is shown t o  c l o s e l y  p a r a l l e l  t he  
t r e n d s  by t o t a l  macroalgae (SRC, p<O.Ol) 
with the  excep t ion  of the  45m s i t e  where C o n t r o l s  on the D i s t r i b u t i o n  o f  Halimeda 
is d i s p r o p o r t i o n a t e l y  uncommon. I t  should be noted 
t h a t  Helimeda comprises a  s i e n i f i c a n t  amount of  S u b s t r a t a ,  t u rbu lence ,  l i g h t ,  and g r a z i n g  have 
the  t o t a l  macroalgae a t  most 55-75m s i t e s .  been shown t o  be  important  c o n t r o l s  on the  

d i s t r i b u t i o n  of Halimeda s p e c i e s  ( ~ a y l o r  1960, 
Goreau & Graham 1967, H i l l i s - C o l l i n v a u x  1377, 
1980) .  Although c e r t a i n  s p e c i e s  ( e . g .  H. 
i n c r a s s a t a )  a r e  capable  of e s t a b l i s h i n g t h e m s e l v e s  -- 
on sandy s u b s t r a t a ,  many o t h e r s  r e q u i r e  hard 
s u b s t r a t a  f o r  a t t achmen t .  While c e r t a i n  s p e c i e s  
( e .g .  H .  go reau i  and H. o p u n t i a )  possess  t he  

Table  2. Abundance of  Halimeda i n  sediment a t  biomechanical a t t r i b u t e s  t o  wi ths tand s t r o n g  
Discovery Bay, Jamaica ( m e a n e r c e n t  of  c u r r e n t s  o r  t u rbu lence ,  o t h e r s  ( e .g .  H. copiosa)' 
i d e n t i f i a b l e  sand-s ized g r a i n s  with 2 95% do not  and a r e  a p p a r e n t l y  r e s t r i c t e d  t o  deeper ,  
conf idence i n t e r v a l  i n  p a r e n t h e s e s ) .  q u i e t e r  waters .  The r ap id  d e c l i n e  i n  Halimeda 

Hal imeda Abundance Depth m No. samples/ 
No. Po in t s  Ea. 

BR 1-5 18/600 25.8 (8 .7)  
5  6/600 0 .4  (0 .3)  
8 12/600 3.7 (2 .0 )  
10 14/600 6 . 3  (3 .6)  
15 1  1  /600 0.6 (4 .4)  
23 14/60O 21.3 (8 .5 )  
30 11 /GOO 15.7 (3 .8)  
45 12/600 16.8  (3 .1 )  
55 13/600 22.1 ( 7 . 4 )  
70 1  1 /600 32.6 ( 9 . 2 )  
f 37 4/300 22.5 (8 .4)  
1 88 4/300 19.8  (2 .5 )  
234 4/300 17.4 ( 4 . 4 )  

Back r e e f  and f o r e  r e e f  d a t a  from 1-70m from 
Boss & L i d d e l l  (1997) .  c o l l e c t e d  i n  1982; i s l a n d  DEPTH (M) 

s lope d a t a  from 137-274111 from L idde l l  e t  a l .  
( 1987) ,  c o l l e c t e d  i n  1984. Data from 1  -70m F i g u r e  7. Bathynetr ic  d i s t r i b u t i o n  of 
r e p r e s e n t s  average of t h r e e  t r a v e r s e s ,  A-A', B- g r a i n s  i n  sediment. Halimeda i n c r e a s e s  in 
B ' ,  and C-C'; d a t a  from 137-234m r e p r e s e n t s  abundance i n  sediment with i n c r e a s i n g  depth ( 
average of  two t r a v e r s e s ,  B-B' and C - C '  (F ig .  1 ) .  (0 .01)  to 70m. 
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Figure 8. P l o t  of abundance o f  l i v i n g  Halimeda 
v e r s u s  abundance o f  Halimeda g r a i n s  i n  s ed imen t .  
The two a r e  signific-~c p  (0 .05 )  c o r r e l a t e d  
o v e r  t he  range  o f  0.5-70m a t  back r e e f  and f o r e  
r e e f  s i t e s  . 

abundance below 75m a t  Jamaica is l i k e l y  
a t t r i b u t a b l e  t o  i n s u f f i c i e n t  i r r a d i a n c e  l e v e l s .  
The 1 .O$ of s u r f a c e  i r r a d i a n c e  l e v e l ,  which i s  
c o n s i d e r e d  t o  r e p r e s e n t  t he  approximate  lower  
t h r e s h o l d  f o r  p h o t o s y n t h e s i s  (Ry the r  1956)  i s  
reached a t  55m and t he  0.5% l e v e l  a t  90m a t  o u r  
s t u d y  s i t e .  i n t e n s e  he rb ivo ry  i s  b e l i e v e d  t o  
n e a r l y  exc lude  Halimeda from sha l l ow  f o r e  r e e f  
s i t e s  ( L i d d e l l  &st 1986,  1987 ) ,  a l t h o u g h  
t h e  a l g a  a p p a r e n t l y  pos se s se s  chemica l  d e f e n s e s  
a g a i n s t  c e r t a i n  g r a z e r s  (Pau l  & F e n i c a l  1983) .  

Cornpariaon v i t h  Other S tud ies  

The re  a r e  r e l a t i v e l y  few s t u d i e s  on a l g a l  
d i s t r i b u t i o n s  a c r o s s  d e p t h  ranges  comparable  t o  
t hose  o f  t h e  p r e s e n t  s t u d y  ( t h e  pape r s  by Agegian 
& Abbott  1985, L i t t l e r  e t  a l .  1985, and H i l l i s -  
Col invaux 1986 a r e  e x c e p t i o n s ) .  

Agegian & Abbott  ( 1985 )  s t u d i e d  t h e  a l g a e  
o c c u r r i n g  from 0-250m on t h e  deep e sca rpmen t s  o f f  
Johns ton  A t o l l  and t h e  Penguin Bank i n  t h e  
P a c i f i c .  Halimeda g r a c i l i s  reached a  maximum -- 
abundance  between 50-12jm wi th  a  maximum dep th  o f  
136m a t  t h e  former l o c a t i o n  wh i l e  H. c o p i o s a  and 
H. f r a g i l i s  reached maximum abundances between 55- 
75m wi th  a  maximum dep th  o f  106m a t  t he  l a t t e r .  
The maximum reco rded  dep th  f o r  macroalgae  was 
250m. 

L i t t l e r  e t  a l .  (1985)  examined t h e  a l g a e  ( e r e c t  
and c r u s t o s e )  o c c u r r i n g  over  t he  r ange  o f  81-280m 
on t h e  s t e e p  f a c e  of a  seamount o f f  of San 
S a l v a d o r  I s l a n d ,  t he  Bahamas. From 91m ( t h e  top  of  
t h e  seamount)  t o  268m, t h e  a l g a l  community 
complex i t y  and s p a t i a l  h e t e r o g e n e i t y  dec r ea sed  
w i th  i n c r e a s i n g  dep th .  Halimeda co  i o s a  and H. 
d i s c o i d e a  were p r e s e n t  atshallo*-88m)- 
d e p t h s  and occupied  4-6% o f  t he  subs t r a tum.  
Between 117-130m H. cop io sa  was dominant ~ n d  
occupied  up t o  2 0 9  of the  subs t r a tum.  Other  g r e e n  
a l g a e  were impor t an t  between 130-157m. 

H i l l i s -Co l invaux  (1986 ) documented t he  
d i s t r i b u t i o n  of a l g a e ,  c h i e f l y  Halimeda, ove r  the  
range o f  30-367m on the  s t e e p  f o r e  r e e f  a t  
Eniwetok A t o l l .  From 30-65m the  b i o t a  was composed 
of hermatypic  s c l e r a c t i n i a n s ,  Halimeda, and 
c r u s t o s e  c o r a l l i n e  a l g a e .  From 65-110m Halimeda 
dominated t h e  assemblage ,  a l t h o u g h  c o r a l s  were 
a l s o  p r e s e n t .  Halimeda ach i eved  up t o  an e s t i m a t e d  
50% cover  a b o v e 9  10-25% cover  between 90- 
110m, f i n a l l y  d e c r e a s i n g  t o  0% below 140111. The 
deepes t  recorded Halimeda specimens ( app rox ima te ly  
140m) were l i v i n g  a t  l i g h t  i n t e n s i t i e s  perhaps  a s  
low a s  0.05%. A t o t a l  of 6  Halimeda s p e c i e s  
occurred  below 60m. I n  c o n t r a s t  t o  the Bahamas 
( L i t t l e r  e t  a l .  1985 ) ,  o t h e r  macroalgae  were r a r e  
over  the  dep th  range  s t u d i e d .  

A t  Jamaica ,  the  lower  depth  l i m i t  o f  Halimeda is 
c o n s i d e r a b l y  s h a l l o w e r  than  t h a t  de termined by t h e  
above a u t h o r s .  I l l u m i n a t i o n  l e v e l s  appea r  t o  
c o n t r o l  t h e  lower  dep th  l i m i t  o f  Halimeda a t  
Jamaica ,  a s  hard  s u b s t r a t a  ex t end  t o  120111, 
c o n s i d e r a b l y  below t h e  a l g a ' s  r ange .  Along t he  
n o r t h  c o a s t  of J ama ica ,  a l g a e  o c c u r r i n g  below 55m 
occupy a  v e r t i c a l  o r  n e a r l y  s o ,  n o r t h - f a c i n g  
escarpment  ( t h e  .deep f o r e  r e e f ) ;  t he  s l o p e  ang l e  
and o r i e n t a t i o n  g r e a t l y  r educes  i r r a d i a n c e  l e v e l s  
r e l a t i v e  t o  p o s i t i o n s  w i t h i n  t h e  open wa t e r  
column. 

Algae o c c u r r i n g  t o  75m on t h e  deep f o r e  r e e f  
c o n t r i b u t e  l a r g e  q u a n t i t i e s  o f  s k e l e t a l  e l emen t s  
t o  sediment  on t he  upper p o r t i o n  o f  t h e  Jamaican 
i s l a n d  s l o p e  ( u p  t o  22.5% of t h e  s and - s i zed  and 
l a r g e r  f r a c t i o n ) .  We a r e  no t  aware of q u a n t i t a t i v e  
d a t a  from o t h e r  deep  l o c a l i t i e s  w i th  which t o  make 
compar isons ,  a l t h o u g h  the  abundant  p r e sence  of 
Halimeda g r a i n s  i n  deepe r -wa t e r  s e t t i n g s  a d j a c e n t  
t o  c a rbona t e  p l a t fo rms  ha s  been f r e q u e n t l y  no t ed .  
Our s t u d y  ha s  found Halimeda p l a t e s  t o  be r a r e  i n  
sediment  below 300m; t h i s  dep th  appea r s  t o  mark 
t h e  approximate  boundary between s h e l f - i n f l u e n c e d  
and more p e l a g i c  s ed imen ta t i on  f o r  t h i s  bypass- 
type  ( M c I l r e a t h  & James 1979)  s h e l f  margin .  
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